Lower Cretaceous benthic foraminiferal assemblages from basal sedimentary sequences of Holes 959D, 962B, and 962D provide time constraints for the onset of marine sedimentation on the Côte d'Ivoire-Ghana Transform Margin and show that marine conditions were already established by late Aptian-early Albian near Hole 959D and by mid to late Albian near Hole 962D. The foraminiferal data suggest that older Aptian-Albian marine sequences were subsequently reworked into upper Albian-lowermost Cenomanian sediments within tectonically active sub-basins. Marked fluctuations in test size, abundance, and diversity reflect a pulsed sedimentation pattern with an overall high accumulation rate. Three main cycles of deposition are detected from overall changes in preservation, abundance and diversity, which are possibly related to major shifts in sediment provenance and/or supply. The composition of the benthic foraminiferal assemblages at Holes 959D and 962D indicates an outer shelf to upper bathyal setting and reflects a combination of Tethyan, South Atlantic, and local endemic faunal influences, pointing to restricted connections with the open ocean and Tethys during the late Albian and early Cenomanian. There is no evidence for bottom-water anoxia or severe dysoxia during the deposition of Cores 159-962D-16R through 37R. The high dissolution of planktonic tests and absence or scarcity of benthic foraminifers in the upper part of the sequence (Sections 159-962D-7R-1 through 13R-1 and 159-962B-8H-5 through 9H-6) indicate some later deterioration in bottom-water oxygenation.
INTRODUCTION
Except for some early investigations by de Klasz et al. (1960 de Klasz et al. ( , 1961 de Klasz et al. ( , 1963 , Rérat (1962, 1963) , Castelain et al. (1962) , Fayose and de Klasz (1976) , and Petters (1982 Petters ( , 1983 , which focused on Upper Cretaceous foraminiferal assemblages from equatorial western Africa, very few studies have been published on Lower Cretaceous foraminifers from western African basins. De Klasz and du Chêne (1978) reported Albian-Cenomanian marine sequences, onshore and offshore, from Liberia to Nigeria, but did not include any foraminiferal data in their review. In a recent study, Saint-Marc and N'Da (in press) described upper Albian-Cenomanian marine sequences containing sparse planktonic and benthic foraminifers, from the base of an exploration well, drilled 15 km south-southwest off Abidjan in the Deep Ivorian Basin. The authors suggested that shallow marine incursions developed along the Côte d'Ivoire margin in the Albian to Cenomanian, during the early rifting stage of the ProtoSouth Atlantic.
During the drilling of Leg 159, thick basal Cretaceous sedimentary sequences were recovered at Holes 959D, 960A, and 962D, in more distal settings from the African continent, close to the continent/ocean boundary. Some of the sequences contain abundant planktonic and benthic foraminifers, which may provide further insight into the timing of continental separation (de Klasz, 1978; Moullade and Guérin, 1982; Moullade et al., 1993; Bonatti et al., 1996) and the early paleoceanographic evolution of the embryonic equatorial Atlantic. The main aims of this study are, therefore, to document the Lower Cretaceous benthic foraminiferal assemblages from Leg 159, and to use these data to constrain biostratigraphically the onset of marine sedimentation and to interpret the early paleoenvironments of the Côte d'Ivoire-Ghana Transform Margin. Figure 1 shows the location of all holes where Lower Cretaceous sediments were recovered during the drilling of Leg 159. Hole 959D is situated at 3°37.656′N, 2°44.149′W, in a water depth of 2090.7 m, on a small plateau close to the top of the Côte d'Ivoire-Ghana Marginal Ridge (CIGMR), which extends along the southern side of the Deep Ivorian Basin. Hole 960A was drilled close to the center of the ridge on the same plateau, 3 mi south of Hole 959D, at 3°35.025′N, 2°43.990′W, in a water depth of 2048.3 m. Holes 962B and 962D are located, respectively, at 3°15.063′N, 3°10.919′W, and 3°15.082′N, 3°10.898′W, and in water depths of 4637.0 and 4654.3 m, near the summit of a minor ridge extending southwest of the main CIGMR and north of the oceanic crust, which is covered by a thick sequence of undeformed sediments (Mascle, Lohmann, Clift, et al., 1996, chap. 8, fig. 3 ).
LOCATION AND GEOLOGICAL SETTING
Comprehensive lithologic and sedimentological descriptions of Lower Cretaceous sedimentary sequences recovered from Holes 959D, 962B, and 962D can be found in Mascle, Lohmann, Clift, et al., 1996 . The basal sediments at Holes 959D (lithologic Unit V), 962B (lithologic Unit II), and 962D (lithologic Unit III) were originally dated as late Albian on the basis of nannofossils and planktonic foraminifers, whereas the basal lithologic unit at Hole 960A (lithologic Unit V), which underlies sediments of Turonian-Coniacian age, remained undated (Mascle, Lohmann, Clift, et al., 1996) . Mascle, Lohmann, Clift, et al. (1996) suggested that the basal sedimentary units from Holes 959D, 960A, and 962D were post-rift deposits and that strike faulting and uplifting of deepest sequences concurred with sedimentation. These basal sequences, therefore, reflect a complex paleotopography, marked by several fossil ridges, northward prograding sedimentary lenses deposited in developing half-grabens and distal fans along the steeper northern slopes of the CIGMR. According to Mascle, Lohmann, Clift, et al. (1996) , the northward progradation of the sediments indicates that the terrigenous components were mainly derived from the Brazilian Shelf, then located just south of the intracontinental transform margin.
METHODS
A total of 154 samples (approximately 20 cm 3 ) from the basal lithologic units of Holes 959D, 960A, 962B, and 962D were analyzed (Table 1) . The samples were dried, weighed, soaked in distilled water, wet-sieved through a 63 µm screen, and the residue was dried. Very consolidated samples were first treated with a buffered 5% hydrogen peroxide solution to help break them up before sieving. In rare cases where this hydrogen peroxide treatment did not lead to complete disintegration of the clay, we soaked the dried sample in a concentrated anionic tenside solution (REWOQUAT of REWO Chemie, Steinau an der Strasse, Germany), that usually disintegrated even slightly silicified samples. Generally, the complete residue was picked for benthic foraminifers. In a few exceptional samples with extremely high faunal content, only splits of the samples were picked. Splitting was done with a standard Otto-splitter. Fragments of tubular species were counted as one individual; indeterminable fragments or extremely deformed specimens were picked, but not included in the counts. The foraminiferal slides are housed in the micropaleontology collections of the Geologisch-Paläontologisches Institut at the Christian Albrechts University in Kiel. Electron micrographs were made on a Camscan SEM at the Geologisch-Paläontologisches Institut at the Christian Albrechts University in Kiel. To clarify the biostratigraphic assignations made for each hole, a table was compiled from the literature that shows the stratigraphic ranges of relevant benthic and planktonic foraminiferal species (Fig. 2) .
BIOSTRATIGRAPHY

Hole 959D
The samples from the basal part of this hole are either barren or contain sparse assemblages of poorly preserved planktonic and benthic foraminifers. The presence of Gavelinella flandrini and Hedbergella infracretacea in Sample 159-959D-71R-1, 30−33 cm, points to a late Aptian or early Albian age for this assemblage (Fig.  2) . However, some samples below this interval contain a few specimens of Berthelina intermedia, Gavelinella spp., Bolivina sp. 1, ?Spiroplectinella sp. 1, Heterohelix sp. and Schackoina sp., which are also found to occur abundantly at Hole 962D, from Cores 159-962D-37R to 7R. A latest Albian-earliest Cenomanian age is suggested for these assemblages, by the presence of Berthelina intermedia, Bolivina sp. 1, ?Spiroplectinella sp. 1, Heterohelix sp., and Schackoina sp. (Fig. 2) .
Hole 960A
No benthic or planktonic foraminifers were recovered from the basal lithologic unit at this hole, except for a few downhole contaminants.
Hole 962D
Abundant, small benthic foraminifers as well as planktonic foraminifers, ostracodes, diatoms, and radiolarians are found only in the 63-to 125-µm fraction of most of the samples. Results are shown in Table 2 . The assemblages are predominantly composed of calcareous taxa, but some samples also contain a small agglutinated component. The main calcareous genera are Patellina, Trocholina, Berthelina, Gavelinella, Osangularia, Bolivina, Neobulimina, Laevidentalina, Frondicularia, Lingulina, Globulina , and Quinqueloculina. Agglutinated genera consist mainly of some ?Spiroplectinella and very rare tubular forms. Preservation varies considerably, and marked fluctuations in size, diversity, and abundance of benthic foraminiferal assemblages are observed throughout the sequence. Three main cycles are distinguished in the succession. From Cores 159-962D-9R through 13R, the preservation is consistently poor (planktonic foraminiferal tests are partially dissolved) and benthic foraminiferal diversity and abundance are low. No samples were available for study from Cores 159-962D-14R and 15R, which had extremely low recovery. From Cores 159-962D-16R through 20R, the preservation is mostly good and the benthic assemblages are abundant and diverse. From Cores 159-962D-21R through 37R, the preservation, size, diversity, and abundance of benthic foraminiferal assemblages show great variability. Second-order fluctuations in abundance and diversity can also be detected within the three main cycles. The foraminiferal biostratigraphy at Hole 962D is problematic, due to the absence of large keeled planktonic foraminifers. However, the co-occurrence of the planktonic foraminifers Hedbergella delrioensis, Schackoina sp., and Heterohelix sp. points to a latest Albian to earliest Cenomanian age for the sequence (Fig. 2) . Planktonic assemblages of a slightly older age-including Hedbergella rischi with a late early Albian to late Albian range (Moullade, 1966 (Moullade, , 1974 , forms transitional to Ticinella primula (mid-Albian), Hedbergella infracretacea with a last appearance datum (LAD) end of mid-Albian (Moullade, 1966 (Moullade, , 1974 , and Ticinella primula with a mid-Albian to late Albian (early Vraconian) range (Moullade, 1966 (Moullade, , 1974 Robaszynski and Caron, 1995) -are also intermittently recorded throughout the sequence, suggesting that the in situ sediment might periodically include allochthonous components derived from older stratigraphic units.
Few stratigraphically significant benthic foraminifers are found in the assemblages from Hole 962D. The genera Spiroplectinella and Neobulimina are not recorded in sediments older than late Albian in the literature. Osangularia is a typical Albian genus, rarely reported from older deposits (Guérin, 1981; Dailey, 1970; 1983; Haig, 1992; Crittenden and Price, 1990) , although it does also occur in younger sediments. Some of the more common taxa at Hole 962D (Bolivina sp. 1, ?Spiroplectinella sp.1, and ?Osangularia sp. 2) were left in open nomenclature because they could not be matched with any described species in the literature. These taxa probably indicate some degree of endemism in the benthic foraminiferal assemblages of the basin during the Albian, and the stratigraphic potential of these endemic species remains to be investigated.
Hole 962B
A high level of dissolution is evident in most of the foraminiferal tests from this site. Planktonic foraminifers as internal molds, including Hedbergella planispira and Hedbergella delrioensis, were found in Sections 159-962B-8H-5 through 9H-6. Rare, benthic foraminifers, including some small gavelinellids and some ?Spiroplectinella, which were found in abundance at Hole 962D, were recovered only in Section 159-962B-9H-4. These, together with small specimens of Hedbergella planispira and Hedbergella delrioensis, indicate a late Albian-earliest Cenomanian age for Section 159-962B-9H-4. Planktonic foraminifers in Sections 159-962B-8H-5 through 8H-CC are larger and with a more evolved morphology than in Sections 159-962B-9H-2 through 9H-6, suggesting a slightly younger Cenomanian? age for the upper interval. One well-preserved specimen of Stilostomella in Section 159-962B-8H-5, base, points to a Late Cretaceous age. The occurrence of numerous fish teeth in Sample 159-962B-8H-5 and in samples from two intervals, 159-962B-8H-4, 0−90 cm, and 8H-3, 140−150 cm, which also contain glauconite, indicates that accumulation rates were probably very slow, so that the concentration of the most resistant microfossils became enriched over a long time span. Cores 159-962B-7H and 8H are thus thought to represent condensed sequences, and hiatuses may have occurred during their deposition.
PALEOENVIRONMENTS
Hole 959D
The reversed stratigraphical position of the sparse foraminifers found in Hole 959D suggests that marine sediments of a late Aptian to early Albian age were being reworked into younger sediments of a late Albian to early Cenomanian age. Intermixing, or transport by sliding, may have occurred from a nearby uplifted source undergoing rapid erosion, following, for instance, an unroofing event on the tectonically active transform margin of separating plates.
Hole 960A
In Hole 960A the absence of foraminifers throughout the succession is in agreement with the paleoenvironmental interpretation of lacustrine sediments for lithologic Subunit VB and of brackish marine deposits for lithologic Subunit VA. Palynological evidence also supports this interpretation as spores and pollens are only recovered from lithologic Subunit VB, and rare, poorly preserved dinoflagellates from lithologic Subunit VA (Masure et al., Chap. 24, this volume; Chap. 25, this volume) .
Hole 962D
In Hole 962D, which is situated on a minor ridge extending southwest and in the prolongation of the main CIGMR, the abundant foraminiferal assemblages can be used to constrain both the timing of deposition and the paleobathymetry of the area. Marked fluctuations in test size, abundance, and diversity reflect a pulsed sedimentation pattern with an overall high accumulation rate during the late Albian- Figure 2 . Stratigraphic ranges of age diagnostic planktonic and benthic foraminifers compiled from Moullade (1966 Moullade ( , 1974 , Robaszynski and Caron (1995) . Time scale after Gradstein et al. (1994) . 
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There is no evidence for severe bottom-water dysoxia or anoxia between Cores 159-962D-16R and 37R, as benthic foraminiferal diversity is generally high, except in diluted intervals. The presence of diatoms and radiolarians in the assemblages may indicate enhanced surface-water productivity. However, as little is known about the ecology of these two groups (Thurow and Kuhnt, 1986; Thurow, 1988) , such paleoenvironmental interpretation has to remain very speculative. The predominantly small and homogeneous size of benthic calcareous tests may be attributed to the granulometric sorting of allochthonous tests at a distal depositional setting above the carbonate compensation depth (CCD); this is also supported by the fact that only juvenile ostracodes are present in the assemblages. For autochthonous assemblages, the small size can also be attributed to somewhat dysoxic conditions at the seafloor, within a thick nepheloid layer, due to high accumulation rates of organic-rich sediment. From Cores 159-962D-13R through 7R, the high degree of dissolution of planktonic tests and the low abundance of benthic foraminifers suggest that conditions had become more dysoxic at the sediment/water interface during the deposition of the upper part of the sequence.
Hole 962B
The high level of dissolution of planktonic tests, the virtual absence of benthic foraminifers, and the abundance of radiolarians point to high productivity in surface waters and to severe dysoxia or anoxia at the sediment/water interface with corrosive bottom waters leading to the partial dissolution of planktonic tests. From Section 159-962B-9H-4 upward, several hiatuses may have occurred that may be related to the position of the hole on a topographic high, subjected to erosive submarine currents.
PALEOBIOGEOGRAPHY
The observed assemblages include an important number of cosmopolitan taxa; however, the presence of some taxa that could not be closely matched to the literature (Bolivina sp. 1, ?Spiroplectinella sp.1, and ?Osangularia sp. 2) and of Bolivina anambra, a typical "African" taxon, suggests that some degree of endemism is present and that circulation may have been restricted during the late Albian in the basin with limited connections to open ocean, and thus with the Tethys. Even a typical Tethyan form such as Berthelina intermedia was also found to be more asymmetrically evolute than morphotypes illustrated from Tethys (Malapris, 1965; Moullade, 1966; Revets, 1996) . Most of the nodosariids in the assemblages from Leg 159 are typically found in Tethyan assemblages; however, the absence or rarity of some common Tethyan taxa (ornamented Lenticulina, palmate nodosariid morphotypes, and calcareous agglutinated forms such as Protomarssonella) may also indicate some faunal differentiation. The assemblages from Leg 159 lacked many of the species that typically occur among the "world-wide fauna" described by Riegraf and Luterbacher (1989) in their synthesis of Lower Cretaceous benthic foraminifers from DSDP Legs 1−79. The absence of some common genera listed by Riegraf and Luterbacher (1989) such as Spiroplectammina, Pleurostomella, Pseudoclavulina, and Valvulineria from our samples also points to restricted connections with the world's ocean. Overall, the distinctive composition of the Lower Cretaceous foraminiferal assemblages from Leg 159 reflects a combination of Tethyan, South Atlantic, and local, endemic faunal influences.
The lack of keeled planktonic foraminifers may support a cold water source from high southern latitudes. Alternatively, the absence of keeled bathypelagic planktonic foraminifers may be due to the lack of deep-water circulation between the open ocean and the embryonic South Atlantic in the late Albian or may be interpreted as an indication of shallow depths, leading to the exclusion of deeper subpelagic niches in the water column (Eicher, 1969; Leckie, 1987) . This does not contradict observations of bathypelagic planktonic taxa (Moullade et al., 1993; Saint-Marc and N'Da, in press) in the Albian of the neighboring Gulf of Guinea, where open connections to the open sea were better established than in the Côte d'Ivoire-Ghana Transform Margin area, which was fragmented into tectonic sub-basins. The presence of microfossils as old as late Aptian or early Albian, even redeposited ones, demonstrates that marine sedimentation was occurring in the area at that time and strengthens earlier hypotheses by Förster (1978) , Wiedmann and Neugebauer (1978) , and Moullade and Guérin (1982) of an Early Cretaceous connection between Tethys and the South Atlantic, through the Central Atlantic.
CONCLUSION
This study extends our knowledge of Lower Cretaceous benthic foraminifers from the African Equatorial Margin and provides a data base for paleoceanographic interpretation and paleogeographic reconstructions. A summary of the biostratigraphy and paleoenvironmental interpretation based on benthic foraminiferal data from Hole 962D is presented in Figure 3 . The foraminiferal data establish biostratigraphic constraints for the onset of marine sedimentation on the CIGMR and show that marine conditions already existed by the late Aptian-early Albian near Hole 959D and by mid-to late Albian near Hole 962D. The older marine sequences were subsequently reworked into younger sediments of a late Albian to earliest Cenomanian age at these two holes. The composition of the assemblages suggests mixing between autochthonous outer shelf to upper bathyal and allochthonous inner-to middle-shelf benthic foraminifers. Tectonic activity was probably the overriding control on sediment supply and accumulation rates, leading to a complex patchwork of sedimentary lenses and tectonic slices in developing half-grabens.
The distinctive composition of the benthic foraminiferal assemblages from Holes 959D, 962B, and 962D is characteristic of an outer shelf to upper bathyal setting. It also reflects a combination of Tethyan, South Atlantic, and local, endemic faunal influences, indicating that connections to the open ocean and to the Tethys probably remained restricted during the Albian and early Cenomanian, at least locally (i.e., on the CIGMR). In Hole 962D, there is no evidence for bottom-water anoxia or severe dysoxia between Cores 159-962D-16R and 37R, although the presence of radiolarians and the intermittent occurrence of diatoms point to high productivity in surface waters. A deterioration in bottom-water oxygenation appears to have occurred during the deposition of the upper part of the sequence from Holes 962D and 962B (Sections 159-962D-7R-1 through 13R-1 and 159-962B-8H-5 through 9H-6). From the Cenomanian onward, a period of nonsedimentation was probably related to the position of the hole on a topographic high along the margin of the Gulf of Guinea, subjected to erosive submarine currents.
SYSTEMATIC NOMENCLATURE
The benthic foraminiferal classification above the level of superfamily employed here follows the taxonomic classification of Loeblich and Tappan (1992) . Below the level of superfamily, the classification of Loeblich and Tappan (1988) has been used with some exceptions, which mainly reflect the generic revision of Rotaliine families, proposed by Revets (1996) . Open nomenclature has been used for taxa that do not closely match published descriptions.
Order ASTRORHIZIDA Lankester, 1885 Superfamily ASTRORHIZACEA, Brady, 1881 'Family Rhabdamminidae Brady, 1884 Subfamily Rhabdammininae Brady, 1884
Genus Nothia Pflaumann, 1964
Nothia latissima (Grzybowski, 1898) Plate 1, Figure 1 Dendrophrya latissima GRZYBOWSKI, 1898, p. Description. We included in this group all finely to medium agglutinated, flattened tubes.
Range and Occurrence. Very rare at all holes.
Order LITUOLIDA Lankester, 1885 Superfamily AMMODISCACEA Reuss, 1862 Family AMMODISCIDAE Reuss, 1862 Subfamily AMMOVERTELLININAE Saidova, 1981 Genus Glomospira Rzehak, 1885
Glomospira charoides (Jones and Parker, 1860) Plate 1, Figure 5 Trochammina squamata var. charoides Jones and Parker, 1860, p. 304 . Glomospira charoides corona Cushman and Jarvis. Weidich, 1990, pl. 34, figs. 8, 9 .
Description. Tubular test, coiling about a vertical axis, with four to five whorls in the outermost layer of coils. Aperture at open end of tube.
Range and Occurrence. A few specimens found in Sections 159-962B-8H-CC, 159-962B-8H-6, and 159-962B-8H-4.
Superfamily SPIROPLECTAMMINACEA Cushman, 1927 Family Spiroplectamminidae Cushman, 1927 Subfamily Spiroplectammininae Cushman, 1927 Genus Spiroplectinella Kisel'man, 1972 ?Spiroplectinella sp. 1 Plate 1, Figures 2−4 Description. Elongate, flaring test, with lozenge-shaped cross section and small, initial planispiral whorl, followed by biserial stage. Low, broad chambers separated by thick, slightly raised sutures. Wall smoothly cemented with calcareous cement. Arched aperture at base of last chamber. Remarks. Only tentatively assigned to the genus Spiroplectinella, as wallGenus Osangularia Brotzen, 1940 
